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SUMMRY 
This paper is the result of an experimental low speed investi-
gation made in the Georgia Tech nine-foot-di^meter wind tunnel to de-
termine the effect of large external stores on the yawing charrcteristics 
of a 60 delta-wing fuselage combinstion. Two stores with fineness ratios 
of 8, 10, and 12, symmetrically located at 22, k0, and 60 -per cent semi-
span stations on the lower surface of the wing of the yawing model were 
studied. The wing airf oil was an NACA 0009 section, swept 60° at the 
quarter-chord line. The stores had a diameter equivalent to approxi-
mately 2k inches, füll scale, and were pylon mounted at the leading edge 
of the wing« Runs were made at constant angles of attack of zero and 
twelve degrees while the model was being yawed to a maximum of twenty 
degrees. 
The results indicate that while all the coefficients are effected, 
the most critical is the yawing moment coefficient. The yawing moment 
coefficient and the yawing moment derivative were found to be very sensi-
tive to störe location, The increment due to the stores changed from a 
destabilizing force to a stabilizing one as the stores were moved span-
wise along the swept leading edge of the wing. Consideration should be 
given to the low speed condition before determining the placement of 
similar large stores» 
The resultant values of the lateral derivatives, C and C-, in-
ny J-w 
dicate that consideration should also be given to the störe effect on the 
low speed dynamic stability of the airplane when loaded with missles of 




The trend in modern air warfare which has led to the development 
of high speed, intercontinental bombardment aircraft, plus the develop-
ment of thenno-neuclear weapons, presents a serious threat to those 
whose task is the defense of the continental United States and Ganada, 
and has required changes in certain defensive tactics. The successful 
development of neuclear explosives now enables one aircraft carrying one 
bomb to completely destroy or neutralize large cities. The defensive 
raeasures which were effective against the bombers of World War II are 
hopelessly inadequate against the sonic and near sonic long ränge, high 
altitude aircraft now in existence or under development. The flight 
time from the point of first contact with the defensive radar screen to 
the target is very brief for an aircraft capable of sonic speeds. This 
speed not only makes interception difficult, but it also effectively 
limits the intercepting aircraft to one attack before it loses contact 
with the invading craft. 
Obviously, since one aircraft armed with thermo-neuclear weapons 
can accomplish the destruction of its target city, none must be allowed 
to penetrate the defensive screen. One trend toward the achievement of 
this necessary defense measure has led to the development of very large 
air to air rockets of sufficient size to insure the destruction of the 
attacker if interception is made. These rockets, ranging in size up to 
several feet in diameter, can not usually be stored internally by inter-
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ceptor-type aircraft, consequently, they raust be carried as external 
stores affixed to the wing or fuselage as dictated by aerodynamic and 
struetural considerations» It is logical to assume that the presence of 
these large bodies will result in changes of the aerodynamic character-
istics of the aircraft, especially in yawed flight. 
It is the purpose of this paper, within a limited scope, to set 
forth the results of a series of wind tunnel tests designed to show the 
effects of such stores on a 60 delta wing with fuselage at low speeds. 
The delta wing was selected as being a planform, which while in current 
use on high speed aircraft, has not been as extensively investigated as 
have the more common types. 
The parameters which were varied in the course of the investigation 
were the span-wise location, and fineness ratio of the two stores, which 
were mounted symmetrically on the lower surface of the wing, and the 
angle of yaw of the entire model. All runs were made at constant angles 
of attack of zero and twelve degrees« 
It is not intended that the data so obtained will dictate the 
placement of the stores, but rather that it will show the effects at low 
speeds, once the position of the stores has been determined by high speed 
considerations. It is feit that this Information will be of value in 
predicting the take-off and landing characteristics of delta winged air-
craft so loaded. It is possible, however, that low speed flight might be 
seriously enough äffected that a compromise between high and low speed 
optimum will be required. 
The results include the effect of the large external stores on the 
force and moment coefficients. 
CHAPTER II 
APPARATUS AM) MODEIS 
The tests described and discussed in this report were conducted 
in the Georgia Tech nine-foot-diameter wind tunnel. This tunnel is of 
the Single return type, with a closed circular test section vented to 
the atmosphere. Power is provided by a 200 horsepower synchronous motor 
which drives a 15> foot-diameter, four-bladed, variable pitch propell^r. 
The wind velocity in the test Sektion is controlled by adjustment of the 
propeller pitch, Velocities up to 150 miles per hour are obtainable 
using the closed circular .jet. The model was mounted on a conventional 
three support system, having two main struts forward and one strut aft, 
The unit was yawed by revolving the balance turntable and att Ltude was 
controlled by remotely raising or loweriag the rear strut. The forces 
and moments on the model were measured by a remotely operated, six 
componf?nt-type balance System, It is an electro-meohanical, completely 
automatic beam balance having an electronic control System and a mechan-
ical servo balance drive. 
The model used consisted of a delta wing-fuselage combination plus 
two variable length, finned missles sdmulating the large stores. This 
model was designed to be mounted on the three strut balance described 
above. All three mounting points were in the wing itself• 
The wing had a delta planform with 60° sweep of the quarter-chord 
line. The wing span was U8 inches, resulting in an aspect ratio of 1*73. 
The airfoil used was an NACA 0009 with sections parallel to the plane of 
h 
symmetry, The wing was constructed of laminated mahogany, with the ex-
ception of the tips which were shaped from solid aluminunu The holes 
for the forward balance strut mountings were located at the intersection 
of the quarter-chord lines and the mean aerodynamic chord lines of each 
panel« The rear strut was attached at the wing centerline# Detailed 
dimensions are shown in Fig# 2 in the appendix of this report. 
The fuselage was a body of revolution utilizing the ordinates of 
an NACA 6U012 airfoil with an eighty inch chord. The body was cut at 
the point of raaximum diameter (1̂ 0 per cent chord) and a straight cylin-
drical section of this maximum diameter and twenty inches in length in-
serted therein. The last 27*5 per cent of the basic shape was cut off 
to give a blunt base five inches in diameter» The basic airfoil was 
modified by substituting a straight taper from approxiraately the sixty 
per cent chord point aft to the trailing eöge to eliminate the normal 
cusp of the 6U series airfoils» The fuselage was lathe turned from 
mahogany blocks in three sections; nose, center, and tail, and then 
joined by glue and dowels after turning« It was then parted along the 
horizontal plane of symmetry and contoured to receive the delta wing in 
a Symmetrie mid-wing position« The two halves were f astened together by 
two steel bolts, one running vertically through the nose and one running 
vertically through the tail. The upper ^uselage half was fitted with a 
quarter inch dowel which was received by a hole in the wing on the center-
line, thus fixing the alignment of the wing and fuselage• The lower half 
of the fuselage was slotted to allow passage of the tail mounting strut• 
Dimensional details are given in Fig, 3. 
The stores were constructed of mahogany and aluminutiu The forward 
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section had a nose of mahogany which was a 37.5 inch radius ogive, 3.5> 
stores diameters in length. The center sections were formed by lengths 
of three-inch outside-diajmeter aluminum tuba ig. Three sets of tubing 
were fabricated in lengths which would allow three different overall 
störe lengths, representing length to diameter, or fineness ratios of 8, 
10, and 12. The tail section was turned from solid mahogany to an out-
side diaraeter of three inches and slotted to admit the 1/8 inch alumimun 
tail fins. The fin leading edges were roimded to a radius of l/l6 of an 
inch, The three major portions were joined by a long quarter inch tie-
rod which extended through the tail block and the center tubing and 
threaded into an aluminum insert in the aft end of the nose section, 
See Figs. h and £ for more complete details. 
The mounting pylons were constructed of laminated walnut. The 
airfoil section used was an MACA 0009» The pylon span was U»5 inches 
(l.5> störe diameters) and its chord was a constant 7*6 inches# It was 
mortised into the forward section of the störe and secured in place by 
two quarter inch bolts which exfcended through the störe and pylon and 
threaded into a steel cap on the end of the pylon opposite to the störe. 
This cap, when the stores were mounted on the wirig, rested on two spacer 
bushings which were of such a length as to maintain a minimum of 1#S 
störe diameters between the störe body and the wing surface in all span-
wise positions. An individual set of bushings was required for each 
separate Station along the wing. Each pylon-störe assembly was attached 
to the wing by two steel bolts which extended through the wing and spacer 
bushings and into tapped holes in the steel cap of the pylon. The space 
between the steel cap and the curved wing surface was filled in all 
positions with plaster of paris, Pylon dotails can be seen in Figs» k 
and 5. 
The stores were positioned chordwise on the wing, so that the 
leading edge of the pylon was coincident with and perpendicular to the 
wing leading edge. The leading edge or nose of the missle was 10.£ 
inches, or 3«5 diameters, ahead of the wing leading edge, measured along 
a line parallel to the störe centerline. 
A photograph showing the model mounted in the tunnel with stores 
of L/D « 10 at the 22 per cent span "Station is included as Fig. 6 in the 
appendix. 
In order that realistic dimensions might be maintained on the 
tunnel model, a scale of eight to one between a representative füll scale 
interceptor type aircraft and the model was selected. This scale was 
used in all cases where it was feit that certain maximum or minimum 






The basic tests involved in the course of this investigation con-
sisted of yaw runs at two constant angles of attack for each model con-
figuration, plus one pitch run. This Single run varying the angle of 
attack at zero yaw angle was made with the wing-fuselage combination 
alone. Its purpose was to determine the zero lift angle for the model 
without stores, Having once found this angle, the model was set at the 
zero lift position an^ the tunnel-control-station dial which read angle 
of attack was set to zero. Since the model was symmetrical, it was 
assumed that this was also the geometric zero with respect to the tunnel 
airflow. The dial was not zeroed again, consequently, all subsequent 
tests were made at the same geometric angle of attack as was used for the 
clean configuration. 
In all, thirteen different configurations were tested. These con-
sisted of the wing-fuselage combination without stores and with stores 
mounted at 22, 1±0, and 60 per cent semi-span stations, each störe fine-
ness ratio being tested at each spanwise position. In addition, the 
wing-fuselage combination was also run with only the störe mounting 
pylons at each Station. For this g;roup of tests, two new pylons were 
fabricated, identical to the original set described on pag« 5, with one 
exception, the tenon was omitted fro^ the exposed end, since the stores 
were not attached. 
The wind-on runs were made at two constant angles of attack, zero 
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and twelve degrees, the angle of yaw of the model being varied from zero 
to twenty d«gr««8 in two degree increments at both pitch settings. All 
six forces and moments were measured and recorded at each two degree 
interval. During all runs, the wind velocity at the model was held to a 
constant 11°.6 miles per hour indicated airspeed, corresponding to a 
dynamic pressure, q, of 36.63 pounds per Square foot and an effective 
Reynolds number, R , of approxiiaately 3,9 million, The tunnel turbulence 
factor is 1.3U. 
The tunnel corrections for wall, alignment and support influences 
presented a more difficult problem. Wa"il and alignment corrections can 
not be satisfactorily evaluated for tests involving a yawed model, since 
the resulting flow in the jet is no longer Symmetrie» Consequently, it 
was deeided, as a compromise, to use the wall and alignment <^rreetions 
which had been used on this same wing in previous test programs which 
involved only changes in angle of attack. The available data for these 
two effects was plotted against the lift coefficient. These corrections 
themselves are questionable for use when the model is yawed, and the 
Variation in lift coefficient with increasing yaw angle is relatively 
small. Therefore, values for the wall and alignment corrections at a 
lift coefficient corresponding to that of the clean model at zero and 
twelve degrees angle of attack were selected and used as constant cor-
rections for all yaw angles, and all störe conditions. The tare and in-
terference effects of the mounting struts and windshields on the drag 
coefficient also presented a problem, since the Georgia Tech wind tunnel 
does not have the yawing Image support System necessary to properly 
obtain this corrective data. These tare and interference values were re-
quired for a sübsequent pitch study which used the same modeis and equip-
ment used in this prograra. Consequently, during this program, a tare 
and interference survey was made in pitch, using the non-yawing image 
system, and the resulting drag corrections were applied, again as a com-
promise» They are not exact once the model has been yawed, but the un-
determined Variation was assumed to be small, hence constant values were 
selected for use in the same manner as for the wall and alignment cor-
rections» 
In all tests the model was run inverted since the balance supports 
would have caused serious and indeterminable interference in the flow 
pattern had the stores been mounted below the wing» Certain procedure 
changes were necessary before the data could be reduced. When the model 
is inverted an angle of attack or yaw which is positive with respect to 
the model axes is negative with respect to the tunnel balance axes. With 
respect to the balance system, the model was operated at negative angles 
of attack and positive angles of yaw, that is, nose down and to the right. 
However, a number of acceptable and convenient sign changes were madp 
and as a result the coefficient curves appearing in the appendix of this 
report represent the model in a conventional positive attitude, that is 
to say that both the angles of attack and the angles of yaw are positive. 
This is the condition which would result if the model had been operated 
right side up with its nose up and to the right« 
The only model changes required between each run were the shift-
ing of the stores from one span Station to another and the Substitution 
of different störe center sections to vary the stores' fineness ratio at 
each span Station. 
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The data obtained from these wind tunnel tests were corrected for 
the balance gravity tares and dial zero readings and converted into 
Standard coefficient form. The tunnel corrections discussed above were 
then applied to the uncorrected coefficients where necessary, The re-
sulting coefficients, which are with respect to the wind axes, are pre-
sented in curve form in the appendix of this report as Figs* 7 through 
22, and are discussed and analyzed in the following chapter» 
CHAPTER IV 
DISGUSSION OF RESULTS 
The results of this investigation are presented in Figs. 7 
through 2U as non-dimensional coefficients plotted versus angle of yaw 
and as lateral derivatives plotted versus störe fineness ratio and span-
wise position. In the following discussion the effects of störe fine-
ness ratio and spanwise location will be evaluated. Primary emphasis 
will be placed on the side force, yawing moment and on the rolling 
moment coefficient. The longitudinal coefficient curves are presented 
with only a minimum of discussion, especially for those curves represen-
ting model Operation at a nominal zero angle of attack. As also in the 
case of the lateral coefficients, the zero angle of attack condition is 
considered the least Important, since it is not usually associated with 
low speed flight. 
Longitudinal coefficients, et - 0 . —The lift coefficient curves show a 
general shift in the negative direction for all störe posxtions, except 
for 2y/b = 22 per cent. This latter curve changes to a positive incre-
ment to the clean-model curve above T • 10 • Pitch data taken at T = 0 , 
revealed a change in the zero lift angle, this angle becoming slightly 
positive as compared to that of the wing-fuselage combination without 
stores. The change was less than 0.5 degrees for all störe configurations 
however. Examination of Fig. 7 will show that even the clean configura-
tion curve becomes negative as the yaw angle increases. There is no 
apparent trend shown with respect to the effect of the stores, other than 
the general negative shift and the negative camber effects already noted. 
The drag coefficient curves of Fig. 7 show a consistent increase in drag 
at all span stations and all yaw angles. The stores-on drag being ap-
proximately twice that of the clean wing-fuselage combination at all 
angles of yaw, The pitching moment coefficient, C„ , becomes more 
tr 
negative, or more stable, for the two inboard störe locations and just 
slightly less stable than the wing-fuselage alone when the stores are 
mounted at the 60 per cent semi-span Station. The drag due to the 
stores is stabilizing and at this low angle of attack may be the pre-
dominate effect. Fig. 7 shows only curves for L/D • 12. These are con-
sidered representative, there being little effect due to changes of fine-
ness ratio. 
Lift coefficient, q • 12°. —The presence of the stores in all spanwise 
locations and all fineness ratios increases the lift over that of the 
model without stores. The greatest increase for each störe length is 
obtained with the störe at the outermost position, the longest störe 
being the most effective and the shortest being the least effective at 
this Station. The increase in lift decreases sharply as the stores are 
moved toward the wing centerline. Also the effect of fineness ratio de-
creases and reverses as the stores move in, although at these positions 
the differences between the various lengths is quite small. The pylons 
alone have very little effect in any position. The increase in lift is 
greatest at smaller yawing angles and is most probably due to the change 
in the boundary layer flow as a result of the end plating effect of the 
stores and the flow straightening influence of the pylons. Fig. 8 pre-
sents the lift coefficient curves for all configurations. 
12 
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Drag coefficient, g m 12°. —As at a • 0°, the drag shows a consistent 
increase for all configurations. Taking span Station as a constant, the 
longer störes induce the larger drag increases. When fineness ratio is 
the constant, the raore outboard stores increase the drag coefficient the 
most, however, for L/D's of 8 and 10 there is only a negligible difference 
between the drag of stores at UO and 60 per cent semi-span. The pylons 
also cause a slight drag rise. With the pylons mounted at kO or 60 per 
cent semi-span, the drag rise is larger than when at 22 per cent, Again 
there being only a slight difference between the drag at these two stations. 
In all cases the amount of drag increase becomes greater as the model is 
yawed to larger angles» The drag coefficient curves are shown in Fig. 9, 
Pitching moment coefficient, c » 12 , —Spanwise location, which in this 
case also results in a rearward shift of the center of pressure of the 
stores, causes a more pronounced effect on the pitching moment coefficients 
than does a change of the fineness ratio at a constant position« It might 
be expected that as the störe i3 moved aft and outboard, since its center 
of pressure is moved aft with respect to the balance trunnion, the contrl-
bution of the störe to the pitching moment would become more negative, or 
more stabilizing. This, however, is not substantiated by the data obtained 
in the experiment. The most rearward position of the störe did result in a 
large stabilizing moment, but the center position caused a destabilizing 
increment larger than that of the most forward (22 per cent Station) störe 
position« It is possible that in the mid position, the störe has a greater 
effect on the total wing and causes the entire wing-store combination!s 
center of pressure to shift forward more than when it is mounted at the 22 
or 60 per cent semi-span stations. This effect was consistently demon-
strated by all fineness ratios, with one exception, For L/D = 8, at T 
greater than 12 , the logical pattern occurs. The pylons were destabi-
lizing, except in the 60 per cent position at small yaw angles. Since 
the balance trunnion location coincided with the quarter chord of the 
mean aerodynainic chord, the pitching moment coefficients shovm in Fig. 10 
are not only with respect to the trunnion, but are also the pitching 
moment coefficients about the quarter chord, CL, „,- • 
Side force coefficient, q = 0 » —In all cases there was a large increase 
in the side force amounting to approximately three times the störes-off 
value. The side force, in general, was little affected by either störe 
size or location, There was, however, a trend which can be seen in the 
C-_ curve of Figs, 23 and 25?. As the stores are moved outboard, there is 
a slight increase in C for constant length missles, However, when po-
sition is held constant, the störe of L/D • 10 yields the smallest slope, 
the slopes for fineness ratios of eight and twelve being very close to 
equal and only slightly higher than for the L/D = 10 störe« The stores-
on side force curve shows one of the largest increases over t»he störe-off 
curves of all the lateral coefficients, but is the least sensitive to 
störe location and size. In this, and all following cases, the slope of 
the coefficient curves was read at T - k°, since the data were somewhat 
inaccurate near zero in many cases. 
Side force coefficient, q = 12 • —What has already been stated with re-
spect to the side force coefficient at a * 0° is also true for a = 12°, 
although the slope changes are more pronounced at the higher angle of 
attack when the störe parameters are-altered, The increase in Cy is 
larger when either position or fineness ratio is taken as a constant, and 
: 
the spread between Cy curves is greater at the higher angle of attack. 
o o 
One major difference between side force coefficients at a = 0 and a - 12 
is that CY now increases as the störe fineness ratio increases, the störe 
TT 
of L/D • 12 resulting in the largest change of slope. Another noticeable 
trend was that the longer Stores, at any one Station, produced the greatest 
change in the side force, If the fineness ratio is fixed, the largest 
change results from stores nearer the wing tips. Figs. 2h and 26 illus-
trate these slope trends. A study of Figs. 11 through 22 will show the 
changes in side force magnitude when the störe parameters are altered and 
the model is yawed. 
Yawing moment coefficient. —This is the most critical of all the forces 
and moments with respect to variations of the störe parameters. No at-
tempt will be made to discuss separately the curves for a - 0 and a - 12 . 
The same trends are demonstrated by each, there being only small differ-
ences in magnitude between the results at the two angles. While the effect 
of the störe fineness ratio is noticeable, the location of the missle has 
the greatest effect on the yawing moment. Again, as in the case of the 
pitching moment, the chordwise location of the center of pressure has the 
primary effect on the stores' contribution to the total yawing moment. The 
curves of C versus 1 at constant L/D ratios, Figs. 11 through 16, show 
that by proper chordwise location of the missles with respect to the 
moment center the slope of the yawing stability curve can be made more 
positive or more negative, even to the point of changing the slope of the 
curve to a negative, or stable value. If desired, it appears that the 
influence of the stores on the clean airplane can be nullified by care-
ful selection of the stores' position and fineness ratio. Again note that 
the slopes presented in Figs. 23 through 26 and discussed throughout this 
paper were measured at I * h • At higher values of T the slopes decrease 
for all coefficients. It is interesting to note in Figs, 23 and 2k that 
with the stores mounted near the wing tips the model is stable to vary-
ing degrees, even without the presence of a vertical tail. A study of 
Figs« 25 and 26 indicates that beyond a specific spanwise location, all 
stores of a minimum length, and greater, will produce yawing moments cap-
able of stabilizing the entire model without the vertical tail. The ex-
act span Station and fineness ratios would in each case depend on the 
airplane characteristics and the level of directional stability without 
either tail or stores, and upon the aerodynamic characteristics of the 
stores actually being used. Figs, 23 through 26 indicate that moving 
the stores outboard or increasing their length will make the component of 
the total yawing moment due to the stores more negative. Moving the 
stores toward the wing tips also shifts their center of pressure aft, so 
that the force on the störe has a different position with respect to the 
yawing moment center. 
Rolling moment coefficient, q = 0 . —The rolling moment coefficient, or 
dihedral effect C. , is prijmarily effected by the spanwise location of the 
stores and to a lesser degree by the fineness ratio of the stores. At the 
zero angle of attack the wing was operating at a small negative CT, stores-
off and stores-on when in yaw. Thus the rolling moment which would have 
theoretically been equal to zero if C_ = 0 for this Symmetrie, mid-wing 
model without stores was actually slightly negative, indicating a left 
roll. At a = 0 the stores in the two outboard positions contributed 
negative rolling moment increments to the clean configuration curve, 
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while the inboard stores added a positive increment. The change in flow 
pattern around the fuselage is possibly the cause of this change as the 
störe is moved in toward the centerline« This trend also appears in C-. 
"i 
as shown in Figs. 23 and 2f>» The rolling moment coefficient curves for 
a ~ 0° are plotted against 7 in Figs, 11 through 13 and Figs« 17 through 
19. 
Rolling moment coefficient> q = 12 » —At a = 12 there was little change 
in the rolling moment derivative for change s in Span location or fineness 
ratio as compared to the störes-off curve for the wing-fuselage combi-
nation« There is a negative displacement and rotation of the curves which 
is more apparent with position change than with L/D change« This again 
is probably due to the interference effect of the fuselage, and diminishes 
as the stores are moved toward the wing tips« At constant span position 
the curves for the different störe lengths group together with little 
spread, whereas the curves for different Station, constant fineness ratio, 
tend to spread out with the outermost stores causing the greatest negative 
displacement» This pattern can be verified by examining Figs« Ü4. through 
16 and Figs« 20 through 22. The pylons alone shift the clean curve slightly 
negatively, noticeably increasing the slope at low angle s of yaw. The 
changes in dihedral effect can be seen in Figs« 2k and 26 for a = 12 • 
Coefficient curves in general, —The coefficient curves in general all 
show a slope change in the ränge of T « 10 « It is feit that the change 
is due to the blanketing effect of the fuselage as the trailing wing panel 
is rotated more and more into the wake of the fuselage by increasing yaw. 
The change is very obvious in some of the coefficient curves, especially 
C v for the clean configuration at a = 12 • 
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Theoretically all lateral coefficient curves should have passed 
through zero at zero yaw. However, due to slight inaccuracies in the 
model and the dixection of the airflow, very few actually passed through 
the origin. Although the error is considered small, the lateral deriva-
tives were measured at ¥ = k • The possihility of some stream rotation 
is indicated by the initial displacement of the rolling moment coefficient 
curves. Since this project was aimed primarily at deterrnining the changes 
involved when the two störe Parameters are varied and the model yawed, 
these small curve displacements were ignored, especially when only slopes 
were being considered, Numerical values of the static lateral derivatives 
can be f ound in Table I f or a • 0 and a • 12 ; Y = h • 
Although in actual Operation the pylons would probably be jettisoned, 
there may be, however, some instances when they are retained. For this 
reason, the effect of the pylons has been briefly noted and the more im-
portant curves relating to them have been presented in the appendix. 
Dynamic effects. —The primary purpose of this study has been the determi-
nation of the static stability coefficient and derivatives« It is feit by 
the author that complete analysis of these large storo effects should also 
include mention of the effect on dynamic stability, since the static coef-
ficients appear in the dynamic equations. The pronounced effect of the 
stores on the yawing moment has already been noted} likewise the relative-
ly small effect on the rolling moment at a = 12 • Using an empirical re-
lation given by Perkins and Hage we see that at a • 12 the model has an 
"Terkins, Courtland D. and Hage, Robert E., Airplane Performance Stability 
and Control, New York: John Wiley and Sons, Inc., 19U9, p« 3h3* 
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effective dihedral angle of over 13 due to the rolling derivative alone 
where 0.0002 P ff ~ CT_ * At a = 0° the effective dihedral angle 
is less than 3»5°« This high value at a = 12° coupled with poor direction-
al stability which could result from placing the störe too far forward could 
result in a strong Dutch roll which would be objectionable during low-speed 
Operations such as landing. The presence of these large heavy bodies 
located at some distance fron the aircraft centerline also increases the 
moment of inertia about the roll and yaw axes further reducing the damp-
ing which is already low due to the large dihedral effect» At a = 0 the 
dihedral effect is small, indicating from this viewpoint alone, that the 
high speed flight would be of a satisfactory nature. 
These are by no means the only possible results of improper location 
of the stores, the dynamic cross derivatives C, and C for example have 
r np 
not been considered. The brief mention of dynamic effects should, how-
ever, serve to point out that for a complete analysis the investigation 




On the basis of this investigation, the following conclusions have 
been reached» 
1« All six of the major aerodynamic forces and moments are af-
fected in yaw by the presence of large external bodies affixed to the wing. 
The longitudinal coefficients are not as greatly changed as are the lateral 
coefficients and derivatives« 
2. The effects of the stores are controllable to some degree in all 
cases by the selection of the störe!s fineness ratio and spanwise location. 
3« The yawing moment is especially sensitive to the location with 
respect to the aircraft!s center of gravity of the center of pressure of 
the störe. The yawing moment increment due to the störe can be made either 
stabilizingj destabilizing or simply neutral as a function of its spanwise 
location. In this investigation, a movement spanwise was accompanied by 
an implicit chordwise change with respect to the MAC. 
U* The effect of such large external bodies on the low speed 
directional stability is large enough to Warrant intensive study before any 
such Installation is made. 
!?• There appears to be some interference from the fuselage when the 




NUMERICAL VALUES OF LATERAL DERIVATIVES 
a -Ov a = 12' 
L/D #2y/b C, 
n T 1 r.. 
Clean 0.00371 0.00111 -0.00013 0.00215 0.00052 o.oo3ii5 
12 22 0.00976 0.00176 •fO.oooiU 0.00710. 0.00170 0.00270 
12 ko 0.01025 0.00058 -0.00026 0.00852 0.00000 0.0029k 
12 60 0.01025 -0.00139 -0.00058 0.00890 -0.00208 0.00270 
10 22 0.00952 0.00195 +0.00031 0.007U2 0.0020U 0.00333 
10 ko 0.00975 0.00080 -0.00020 0.00800 0.000li3 0.00333 
10 60 0.01000 -0.00083 -0.00068 0.00832 -o.ooiia 0.00286 
8 22 O.OlOOl; 0.00222 +0.00060 0.00690 0.00213 0.00333 
8 Uo 0.01013 0.00118 -0.00010 0.00702 0.00109 0.00312 
8 60 o.oio5o -0.00058 -0.00062 0.00727 -0.00059 0.0029U 
^ / . g S C H O R D 
NOTES: 
I. STORES SHOWN IN 
SEMI-SPAN POSIT 
2. STORES SHOWN A 
3. DETAILED DIMENS 
SHOWN IN F 0 L L 0 
4. ALL DIMENSIONS 
5 SCAUE '. ONE TWEN 
FIG. I 
ASSEMBLED DELTA- WtNG MODEL 
25 
A I R F O I L : NACA 0 0 0 9 
STORE MOUNTtNG HOLES 
WING MOUNTING 
ALL DIMENSIONS IN INCHES EXCEPT AS NOTED 
SCALE: ONE TENTH 
FI6URE 2 
DIMENSIONS OF DELTA 
h-IQS-H 
FUSELAGE - SlDE VlEW 
ORDtNATES 
IN INCHES 
IsTATlOW RADIUS j 
0. fS ':S . j 
0,4 0.78 1 
0.6 0 .94 
1.0 1.19 
2.0 1.63 
4 . 0 2.25 
6.0 2.72 1 
8.0 3.10 
12.0 3.70 ! 
16.0 4 . 1 4 s 
2 4 . 0 4.6 8 | 
1 32.0 4.79 
52.0 4.7 9 
j 6 0 . 0 4 .39 
6 8 . 0 3.64 
76 .0 2.68 j 
78.0 2 .50 
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View of Coinplets Model Mounted in Tunnel 
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FIGURE 23 
VARIATION OF LATERAL DERIVATIVES WITH POSITION 
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FIGURE 25 
VARIATION OF LATERAL DERIVATIVES WlTH FINENESS RATIO 
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FIGURE 26 
VARIATION OF LATERAL DERIVATIVES WITH FINENESS RATIO 
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